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Materials and Methods

Exploration
In Pakistan, olives were collected from August through October in 2003-2005 and 2007 from O. e. cuspidata and from managed and unmanaged O. e. europaea at various locations in the Khyber Pakhtunkhwa (formerly Northwest Frontier) Province. The size of collections varied according to the fruiting phenology and abundance at each site, with as much as 55-60 kg per week of survey. Fruit was held at the CABI-Pakistan laboratory until the development of Bactrocera puparia from infested fruit, which were then express-mailed to quarantine facilities at the USDA European Biological Control Laboratory (EBCL), Montferrier sur Lez, France, and the University of California, Berkeley, California in the USA. Fly puparia were enroute for 3-5 d.
In China, we consulted Olea herbarium specimens at the National Institute of Botany in Beijing to obtain information on sample sites for new surveys. Local cooperators helped to locate Olea species in the southwestern provinces of Guangdong, Yunnan, and Sichuan, and Hainan. Trips to these often-remote areas were made in 2003 and 2005 during August (Hainan), September and October (Sichuan & Yunnan), when Olea trees are fruiting at similar latitude in Pakistan (Green 2002) . Olive fruit was harvested, placed in paper bags, and transported to laboratories in China within three days of collection. Fruit from China was hand-carried back to the EBCL quarantine laboratory within 7 d of collection. Additional collections were made by Chinese cooperators in fall of 2006 Olives held in the EBCL quarantine laboratory were placed in mesh-covered boxes to promote air circulation and kept at a photoperiod of 12:12 (L:D) h and a constant 23 C, and emergence of insects was recorded daily.
In India, tropical Olea species in the western Ghatts range of southern India and O. e. cuspidata in the Himalayan foothills of northern India were surveyed in September 2006. These and several subsequent collections of fruit over the following 12 mo were held in the Sunagro laboratory in Chennai, India, for ca. 2 mo, long enough to allow for insect emergence. The Himalayan foothill site of Kempti Falls in northern India was revisited by cooperators in 2008 and 2009, once during each of April, May, July, August, and October, and O. e. cuspidata olives were collected. Additionally, in 2009, we attempted to trap adult flies using eight ChamP traps (a fruit fly sticky trap baited with ammonium bicarbonate; Seabright Laboratories, Emeryville, CA, USA) placed in trees during each monthly collection.
In Nepal, 14 kg of fruit were collected during October 2011 in extensive wild forests of O. e. cuspidata in Bajura and Mugu districts. Collected fruit was returned to a cooperator's Forestry Institute laboratory in Pokhara where the fruit was held for emergence of adult flies.
Bactrocera specimens from all collections were identified by Ian White of the Natural History Museum of London, United Kingdom. Half are housed as voucher specimens at EBCL in France and half were stored in absolute ethanol at 4 C until DNA was extracted ( Table 1) . The new Asian specimens were combined with previously collected samples of B. oleae from Reunion Island that had not yet been analyzed, and two closely related (Daculus) subcongeners in Africa, Bactrocera biguttula (Bezzi) and Bactrocera munroi White (Copeland et al. 2004 ) for mtDNA sequencing. Those specimens, obtained from earlier collections in Kenya and South Africa, were also identified by Ian White and kept as vouchers at EBCL.
Molecular Characterization
Genomic DNA was isolated from the head or hind tibia of individual adult flies using a sodium dodecyl sulfate (SDS)-based protocol (Rivero et al. 2004) . A 542 bp fragment of mitochondrial 16SrRNA gene was amplified using the primer set published in Simon et al. (1994) (forward primer LR-J-12887: 5'-CCGGTCTGAACTCAGA TCACGT-3'; reverse primer LR-N-13398: 5'-CGCCTGTTTAACA AAAACAT-3'). A 680 bp fragment of mitochondrial cytochrome oxidase subunit I (COX1) corresponding to the widely used species barcode region (Hebert et al. 2004 ) was amplified using the primer set described by Folmer et al. (1994) (forward primer LCO1490: 5'-GGTCAACAAATCATAAAGATATTGG-3'; reverse primer HCO2198: 5'-TAAACTTCAGGGTGACCAAAAAATCA-3'). A 624 bp fragment of the mitochondrial-encoded NADH dehydrogenase 1 (ND1) was amplified using a primer set designed by Nardi et al. (2005) . The forward primer (Bo-ND1-F: 5'-TTTAG TTGCTTGGTTGTGTATTCC-3') and the reverse primer (Bo-ND1-R: 5'-GAAAAAGGTAAAAAACTCTTTCAAGC-3') correspond to positions 12400-12425 on the J strand and positions 11800-11825 on the N strand in Drosophila yakuba mitochondrial ND1, respectively (Clary and Wolstenholme 1985) . PCR amplifications for each locus were performed in a total volume of 25 ml and contained 10 ng of DNA template, 2 units of Taq DNA polymerase (Qiagen, Hilden, Germany), 0.2 mM of dNTPs (Qiagen), 0.3 mM of forward and reverse primers, and 1Â Qiagen buffer. The cycling program involved an initial denaturing step at 94 C for 5 min; 35 cycles of denaturation at 94 C for 30 s; annealing for 30 s at 57 C (16 S), 50 C (COX1), or 56 C (ND1), primer extension at 72 C for 90 s; and final extension at 72 C for 7 min. The purified PCR product was directly sequenced in both directions by Genoscreen (Lille, France) using an ABI PRISM 377 DNA sequencer. All sequences were deposited in GenBank (accession numbers: 16S-KF601783-601788; COX1-KF601789-601794; ND1-JN642168-642174; Table 1 ).
Sequences were edited in BioEdit Version 7.0.9 (Hall 1999) . Coding regions were translated into amino acid sequences to ensure there were no internal stop codons to prevent the inclusion of nuclear pseudogenes in the analyses. Searching for sequence similarity with sequences deposited in GenBank was done with Basic Local Alignment Search Tool (BLASTn, Altschul et al. 1990 ). Sequences were aligned in BioEdit with previously published mitochondrial sequences downloaded from http://ncbi.nlm.nih.gov/nuccore/). Our 16S, COX1, and ND1 sequence data sets were merged with the three regions obtained from the complete mitochondrion sequencing of 21 B. oleae specimens deposited by Nardi et al. (2010) (GenBank accession numbers GU108459 to GU108479). Multiple alignments were performed using Clustal W (Thompson et al. 1994 ) coupled with BioEdit. Haplotypes were defined from single mutation variants in each region targeted (16S, COX1, and ND1). The average and pairwise genetic p-distances (p distance is the uncorrected proportion of nucleotide sites at which two sequences being compared are different) within and among geographical regions and species were calculated with Mega version 6.0 (Tamura et al. 2007 ) on single-gene data sets.
An additional data set for ND1 was assembled comprising the three new haplotypes generated in this study, the 22 haplotypes deposited by Nardi et al. (2005) with the GenBank accession numbers AY998304 to AY998325, and two haplotypes deposited by Nardi et al. (2010) (GU108462 and GU108469), which were not part of his 2005 ND1 dataset. The alignment was 562 bp in length. We performed heuristic searches starting with trees obtained by stepwise addition and the branch swapping algorithm of tree bisection-reconnection using PAUP. Although the resulting maximum-parsimony phylogenies contained very little homoplasy, six homoplasious sites were identified and removed. The resulting data set was used as an input for the parsimonious network as implemented in the program using gene genealogies, Templeton Crandall Sing (TCS) version 1.21 (Clement et al. 2000) . The parsimony connection limit was set at 95%, as this standard provides a reliable quantitative tool for delimitation of phylogenetic species (Hart and Sunday 2007) .
A partition homogeneity test (PHT; Farris et al 1995) was conducted using PAUP* Version 4.0b10 (Swofford 2002) to verify that the three mitochondrial regions (16 S, COX1, and ND1) were congruent with respect to phylogenetic signal. The three-gene concatenated data set (16 S, COX1, and ND1) of 1,597 bp length was subsequently analyzed.
Bayesian analysis was conducted using MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001) . The most appropriate model of sequence evolution was first computed in MODELTEST (Posada and Crandall 1998) then executed in PAUP using PaupUp under the hierarchical likelihood ratio tests (hLRT). Two simultaneous runs of 10 million generations were performed, and convergence was maximized by ensuring the average standard deviation of split frequencies fell below 0.005 and potential scale reduction factors approached 1.0. The first 12.5% of each run was discarded as burnin for the estimation of the consensus topology and the posterior probability of each node. Maximum likelihood (500 bootstraps) reconstruction was performed using PhyML 3.0 aLRT under the HKY85 model of sequence evolution and carried out on the online Phylogeny.fr Gateway resource (Dereeper et al. 2008) . Nodal support for ML topology was estimated using nonparametric bootstrapping (Felsenstein 1985) with 500 replicates.
The degree to which B. oleae as currently defined has achieved exclusive ancestry was assessed using the genealogical sorting index (gsi, Cummings et al. 2008) . A maximum value of 1 indicates monophyly and 0 indicates dispersal over the entire phylogenetic tree. From the combined dataset, rooted bootstrap consensus trees and their branch lengths and the last 100 trees produced from Bayesian analysis were uploaded into the online program (available from www.molecularevolution.org). The gsi was calculated for all trees using 10,000 permutations (Cummings et al. 2008 ).
Crosses of Chinese and French Populations
We attempted to cross the Chinese B. oleae (collected in Muli, Sichuan Province, and received at EBCL in October 2011) with B. oleae obtained from a wild population near EBCL in southern France. Because only a few wild French flies were available when emergence of Chinese flies occurred in the EBCL quarantine laboratory, and there was a low emergence rate of the fly puparia received from China, only a few Chinese flies (11 females and 15 males) were available to pair with French-reared flies. Newly eclosed adult flies were held individually with food and water for 3 d to ensure sexual maturity. Male and female pairs were then placed together in a ventilated 10 -by 20-cm polystyrene cage along with two to four mature, uninfested (free of oviposition wounds) green olives (var. Picholine), a small container of water-soaked cotton, and several droplets of honey as food for the adult flies. As olives began to ripen, they were removed and fresh olives were added to the cage. The olives removed were inspected for oviposition stings and held in the laboratory for larval development and emergence of puparia. F1 flies were backcrossed to French flies; unfortunately no parental Chinese flies remained alive for backcrosses. Backcrossed malefemale fly pairs were provided with olives for oviposition as described above. After the larval development duration had passed, olives with oviposition wounds were dissected to determine the fate of any eggs deposited. F1 and F2 flies were stored in 95% ethyl alcohol and refrigerated for future molecular analysis.
Results
Exploration
In Pakistan, surveys of commercial plantings of O. e. europaea and wild O. e. cuspidata were conducted in 2003 at 15 locations in Khyber Pakhtunkhwa and adjacent Punjab Provinces. Fly infestation rates in the initial 2003 survey were generally low, with no flies reared from olives at 3 of the 15 sites and rates of only 0.2-3.0% emergence at 11 sites at the peak of the season in October. Only one site had a relatively high rate, with 30% fruit infestation. Subsequent collections were made at many of the same sites in 2004-2005 and 2007-2008 . Wild olive was abundant, with an estimated 25,000 ripe and semiripe fruit of O. e. cuspidata collected during 2004 alone. Thousands of B. oleae puparia emerged from these collections. Large numbers of the braconid parasitoid Psyttalia ponerophaga (Silvestri) were reared from these collections each year from 2003 to 2008. No other parasitoid species was recovered. Five sites yielded P. ponerophaga in 2003; parasitism rates increased from August to October and reached levels ranging from 33-60% (based on numbers of B. oleae puparia collected). Parasitism of viable puparia (from which either flies or parasitoids emerged) received at EBCL in 2004 and 2005 was 51 and 28% respectively, but mortality was high in shipped puparia, with only 50-54% emergence. Psyttalia ponerophaga from EBCL colonies or from puparia shipped to California from Pakistan was used to establish colonies at the Berkeley quarantine for host testing studies in the USA (Sime et al. 2007) .
Locating wild Olea spp. in the Himalayan foothills was difficult due to the remote locations of surviving forests, and finding flyinfested wild olives (O. e. cuspidata) was consequently also difficult. During fall of 2006 in northern India only a single grove of wild O. e. cuspidata trees was found; all other sightings were of single trees along major rivers draining from the Himalayas (Jumna and Sutlej Rivers). None of the 100-200 trees at the Kempti Falls site bore any fruit that fall, so local cooperators collected from trees in 2007-2009. Trees with a few fruit were found and sampled only in 2009 (10 olives total), and no flies were obtained. Two Bactrocera spp. that were not B. oleae were collected from the ChamP traps in October, the last month of collections. Large numbers of fruit from the tropical species Olea dioica Roxb. and O. paniculata R. Br. collected that same fall from southern India produced no insects.
From the 14 kg of O. e. cuspidata fruit collected during October 2011 in Nepal, no flies were obtained. Inspection of the fruit, which included unripe green and ripened berries, did not reveal any obvious signs of attack by flies.
During were found at 10 localities on Hainan Island, but none of the fruit of these species was infested. In 2010, another site was found in Yanyuan County, Sichuan (near Muli), and about 5 kg of fruit were obtained, but from these only a few flies and no parasitoids emerged. In 2011, olives were collected in Muli and Zhongdian (Yunnan Province). As before, none of the olives from Yunnan were infested, but a collection of 4,360 puparia was obtained from Muli, of which 23% produced flies. The sites in Zhongdian and Muli are ecologically very similar and both are located in the Jinsha river valley at nearly the same altitude, but different latitudes, and it was noted that fruit matures at different rates at the two sites. The scarcity of B. oleae in Yunnan may be due to the lack of seasonal synchronization between the fly and the availability of susceptible fruit.
Morphological Characterization
Specimens of olive fruit flies from China and Pakistan were identified by Ian White as B. oleae based on morphological characters (White and Wang 1992 , White and Elson-Harris 1992 , Carroll et al. 2002 , Copeland et al. 2004 . We believe this is the first record of B. oleae in China. The thorax of the Pakistani specimens was generally paler in color than Chinese specimens (Fig. 1 ) which more closely resembled African specimens in coloration. The braconid parasitoids that emerged from the Muli River collection in China were identified as part of the Diachasmimorpha longicaudata species complex (identification by R. Wharton, Texas A&M University).
Molecular Characterization
The three loci (16S, COX1, and ND1) were successfully amplified from 28 B. oleae specimens from China, Pakistan, and Reunion Island, and three specimens each of the closely related species B. biguttula and B. munroi (Table 1 ; Copeland et al. 2004 ). All haplotypes discovered in this study were deposited in GenBank under the accession numbers reported in Table 1 .
The 28 mtND1 sequences of olive fruit fly were aligned with a 562 bp portion of the 21 sequences obtained from a complete sequencing of the mitochondrial genome published by Nardi et al. (2010) . Among the 562 characters analyzed, all of the 26 variable sites were informative from a parsimony standpoint. A total of 12 haplotypes were observed, including three previously unreported haplotypes. Their sequences were deposited in GenBank (accession numbers JN642168 for haplotype W [Pakistan], JN642170 and JN642171 for haplotype X [China], JN642169 for haplotype Y [Reunion]). Blast searches showed a highest similarity of these haplotypes with those of B. oleae published by Nardi et al. (2005 Nardi et al. ( , 2010 . One unique haplotype was found in China and one in Reunion Island. We found two haplotypes in the Pakistan Nikka Dara population, a new haplotype (W) and one corresponding to GenBank accession number GU108477 (Nardi et al. 2010 ) which was also named haplotype V (Nardi et al. 2005) . One haplotype was found in B. biguttula, whereas two haplotypes were found in B. munroi. Sequences were deposited in GenBank (accession numbers JN642172 for B. biguttula, and JN642173 and JN642174 for B. munroi). The level of average pairwise divergence between the Chinese haplotype X and all other B. oleae (excluding China) was higher than the intraspecific level of divergence (2.7 vs. 0.7%) but lower than the average pairwise divergence observed between the two closest congeners (3.4%, Table 2 ).
The 28 mt COX1 sequences were aligned with a 542 bp portion of the 21 previously reported sequences (Nardi et al. 2010 ). Among the 542 characters analyzed, 30 of the 33 variable sites (90.9%) were informative from a parsimony standpoint. A total of 13 haplotypes were observed, which included three new haplotypes, one in Pakistan, one in China, and one in Reunion Island. Blast searches showed a high degree of similarity of these three haplotypes with those of B. oleae deposited in GenBank. One haplotype was found in B. biguttula and one in B. munroi. The level of average pairwise divergence between the Chinese haplotype X and B. oleae (excluding China) was higher than the intraspecific level of divergence (4.0 vs. 0.9%) but comparable to the average pairwise divergence observed between the two closest congeners (3.9%, Table 2 ).
The 28 mt 16S sequences were aligned with a 493 bp portion of the 21 previously reported sequences (Nardi et al. 2010 ). Among the 493 characters analyzed, all 7 of the 7 variable sites were informative from a parsimony standpoint. A total of six haplotypes was observed, including a new haplotype in China and one in Reunion (Table 1) . One haplotype was found in B. biguttula and one in B. munroi (Table 1 ). The level of average pairwise divergence between the Chinese haplotype X and all B. oleae (excluding China) was higher than the intraspecific level of divergence (0.7 vs. 0.3%) but comparable to the average pairwise divergence observed between the two closest congeners (0.6%, Table 2 ).
The statistical parsimony network which was constructed from the primary data set of 562 characters comprising all of Nardi's ND1 haplotypes, including the new haplotypes from China, Reunion, and Pakistan, incorporated the Chinese haplotype as derivative from the Q haplotype under a fixed 14-step connection limit, although it included several loops indicating ambiguous connections (not shown). Loops and relatively long branches with a number of mutations exceeding the 95% confidence limit of being nonhomoplastic (Templeton et al. 1992) can reflect potential homoplasy. After removal of homoplasious sites (31, 172, 361, 526, 547, and 562) , 11 parsimony-informative sites out of 27 variable sites observed were obtained, and a statistical parsimony network was generated from this dataset (Fig. 2) . The Chinese haplotype was connected to the B. oleae network although it was 10 mutations away from the closest African haplotype (Q, as designated by Nardi et al. 2005 ) and 9 mutations away from the Reunion haplotype. All Pakistani haplotypes and the Reunion haplotype were derived from the Q haplotype. The best-fitting model of sequence evolution for the concatenated data set was HKY85 with a 0.87 proportion of invariable sites. The results of the three-gene ML and Bayesian analyses (BA) are shown in Fig. 3 . As the topologies between ML and Bayesian analysis were concordant, only the Bayesian tree is shown, but nodal support for both method outputs are presented. The monophyly of B. oleae inclusive of the Chinese populations was strongly supported ((BA pp ¼ 0.95). The genealogical sorting index (gsi) and associated P-value (Cummings et al. 2008 ) was used to test for species delimitation of the a priori defined B. oleae group including the Chinese populations. The results supported the a priori definition estimated from 100 trees (gsi ¼ 0.91, P ¼ 0.0001) and from the consensus tree (gsi ¼ 1.0, P ¼ 0.0001).
Crosses of Chinese and French Populations
Of 15 pairs of French female flies crossed with Chinese males, six subsequently probed olives and three laid eggs (Table 3 ). Puparia were produced by only one of these females, however. A total of 31 F1 puparia were collected, of which 16 (6 females and 10 males, or 52%) survived to adult emergence. Of the 11 pairs of Chinese females crossed with French males, only one female probed olives and no eggs were deposited; thus, no progeny resulted from these crosses. By comparison, from 20 pairings of French male:female crosses, seven females probed fruit and six deposited eggs that subsequently developed to produce a total of 62 F1 puparia (8-12 per parental female). The mean percentage of these puparia that survived to produce adult flies (25 females and 20 males) was 73% (range of 56-88%). After sufficient time had passed for fly larvae to develop and emerge, olives were dissected. In nearly every case, when oviposition marks were seen, dead eggs (or in a few cases, dead larvae) were found whether or not puparia emerged from the olives.
Fifteen of the 16 F1 flies that were still alive from the French:Chinese cross were backcrossed to pure French flies; however, no Chinese flies remained alive for backcrosses. Seven of the paired females probed fruit and six produced a total of 48 F2 puparia, of which 39 (85%) survived to emergence. Twenty-one (54%) of emerged adults were female. Only one of the six backcrossed pairs that produced F2 progeny included an F1 French Â Chinese female; the others were males.
Discussion
Bactrocera oleae was found in Asia far to the east of all previously known records Elson-Harris 1992, Carroll et al. 2002) . The new record was not surprising since one of its main host plants, O. e. cuspidata, extends in a great semicircle into central and southern Asia from the Himalayan foothills where conditions are suitable for its growth (Green 2002 , Rubio de Casas et al. 2006 , Besnard et al. 2007 . Wild olive groves found in India and China were mostly small and isolated (authors' observations). Wild olive trees in India, Nepal, and Pakistan have been severely depleted due to land clearing and harvesting of firewood (Quresh and Said 2003, Paudel et al. 2012) ; the same is likely the case in southwestern China. There have been recent efforts to establish commercial olive oil production in each of these regions (Quresh and Said 2003 , Xiao et al. 2009 , Paudel et al. 2012 , but new plantings are scattered and generally young. Given the sparse occurrence of hosts in this region of Asia, it is not surprising that fruit infested by B. oleae was not easy to find. In addition, the climate where wild olives are growing at high elevation may be too cold for B. oleae populations to survive. Bactrocera oleae and its parasitoids (P. ponerophaga in Pakistan and Diachasmimorpha sp. in China), were nevertheless found in olive fruits from Pakistan in large numbers, and in south western China at a very low frequency and only in certain locations. Therefore, we expect that the fly and its natural enemies are likely to occur in Nepal and northern India as well, although in scattered, low level populations.
The olive flies collected provided specimens from regions that had never before been characterized either by morphology or molecular methods. Specimens collected from wild olives in China and Pakistan were morphologically consistent with descriptions of B. oleae by White and Elson-Harris (1992) , White and Wang (1992) , and Carroll et al. (2002) . The thorax of the Pakistani specimens was paler in color than Chinese specimens (Fig. 1) , and Chinese flies closely resembled African specimens in coloration. This was consistent with the original description of B. oleae var. asiatica by Silvestri (1916) , who wrote that, although morphologically similar to B. oleae from elsewhere, flies from the region were usually a "pale grey-yellowish or parchment colour . . . an off-white colour" which was maintained on dry or alcohol-stored specimens. Silvestri also noted that this coloration was never observed on typical specimens of B. oleae from other regions, although he had seen specimens from Beirut (Lebanon) that were similar in color. Color patterns are important species characters in Bactrocera (Drew 1989 ) but various authors have reported that the color patterns in B. oleae are subject to variability, and illustrations of variable thoracic patterns by El-Sawaf et al. (1971) of fly specimens from the Mediterranean region include one that appears very similar to our Pakistani specimens (Fig. 1) . Together with the knowledge that B. oleae has been recorded only from subspecies of O. europaea, we have a high degree of confidence that the Pakistani and Chinese specimens we examined are, in fact, B. oleae.
Sequencing the NADH dehydrogenase gene (mtND1), which was used initially to support morphological identification of these newly discovered olive fruit fly populations, demonstrates the need for a multigene approach for assessing evolutionary relationships between these newly discovered populations and other populations worldwide. Our molecular analyses of three gene loci (ND1, COX1, and 16S) using different phylogenetic approaches also supports their identification as B. oleae. This has provided the first evidence for the existence in China of a maternal B. oleae lineage, albeit one that is highly divergent from all other B. oleae lineages reported so far, including Pakistan (Nardi et al. 2005 (Nardi et al. , 2010 .
Molecular prospecting as a form of exploratory data analysis can generate hypotheses for species delimitation (Blouin 2002 , Boykin et al. 2012 ) and molecular characterization is now recognized as an integral part of ecological and epidemiological studies in biological control and pest management (Roderick and Navajas 2003 , Gariepy et al. 2007 , Cheyppe-Buchmann et al. 2011 , Gaskin et al. 2011 , Boykin et al. 2012 . Due to its lack of recombination and relatively rapid rate of evolution, maternally inherited mitochondrial DNA allows genetic differences to be detected between populations that diverged relatively recently, and hence has been extensively used to elucidate phylogenetic relationships of Bactrocera species as well as phylogeography (Armstrong and Ball 2005 , Nardi et al. 2005 , Virgilio et al. 2009 , Nardi et al. 2010 , Van Houdt et al. 2010 , Boykin et al 2014 .
The genetic divergence for ND1 between the Chinese lineage and other B. oleae averaged 2.7%, a value which was higher than the intraspecific value of 0.7% for B. oleae (China excluded) but nevertheless lower than the mean divergence (3.4%) between the nearest African congeners, B. biguttula and B. munroi. This suggests a discontinuity in levels of intraspecific compared to interspecific genetic divergences (Hebert et al. 2004 ) that is indicative of separate species. Results obtained with the two other loci partially confirmed those obtained with ND1. Genetic divergence between the Chinese lineage and other B. oleae (4.0 and 0.7% for COX1 and 16S, respectively) was similar to what was observed between the nearest congeners (3.9 and 0.6% for COX1 and 16S, respectively) but, as with ND1, less than 10 times the average intraspecies divergence (0.9 and 0.3% for COX1 and 16S, respectively). Such "p" distance values between lineages have been reported in B. caudata by Lim et al. (2012) , and averaged 5.65% and 2.76-2.83 % for COX1 and 16S, respectively, when the intralineage "p" distance averaged 0 and 0.23%. However, the ability of a threshold in pairwise distance to reliably delimit taxa in Diptera, including within-species complexes such as Bactrocera dorsalis (Hendel) (Armstrong and Ball 2005) , is questionable. Meier et al. (2006) showed that intra-and interspecific variation overlap widely in Diptera CO1 sequences (0-15.5%), with 99% of all congeneric distances falling within this interval.
Our reconstruction of haplotype networks based on ND1 connected the divergent Chinese lineage to the B. oleae network. Clustering of individuals within a species in genetically distant lineages may be the result of retained ancestral polymorphisms, the existence of cryptic species, or traces of past hybridization or introgression events (Avise 2000) . Given that the current matrilineal phylogeny inferred from ND1, COX1, and 16S gives only a fraction of the genealogical information (Avise 2000) , deciding among the alternative hypotheses will require the use of nuclear genes and more extensive sampling in China, which is beyond the scope of the present paper.
When viewing species as distinctly evolving meta-population lineages (de Queiroz, 1999) , different potential taxonomic units can be compared statistically based on the likelihood of species trees constructed with coalescent methods and more recently, gsi measures (Cumming et al. 2008). As we did not find evidence of conflict among individual gene tree phylogenies, the use of a multilocus phylogeny to delimit B. oleae was considered appropriate, especially when combined with species delimitation statistics such as gsi, a method which was successfully applied to the B. dorsalis species complex (Boykin et al. 2014) . Three-gene ML and Bayesian phylogenies provided strong support for the monophyly of B. oleae in its present delineation (including the Chinese population), and a gsi of 1 with a highly significant P value confirmed its high degree of exclusive genealogical ancestry.
One explanation suggested by our data is that the two Chinese populations belong to an ancestral lineage that has been genetically isolated for a long time. Given the great distance separating the Chinese and the Pakistani populations in the narrow band of Olea habitat along the Himalayan chain, this should not be surprising. The Reunion Island and Chinese populations also share similar characteristics of remote, isolated high elevation sites that can contribute to episodic population reductions and genetic drift (Turelli et al. 2001 , Monaghan et al. 2002 . Based on the specimens analyzed it appears the Reunion Island population may also have originated from a single founding maternal lineage, slightly genetically divergent from other B. oleae ($1%) but nevertheless always connected to the B. oleae network, and more precisely, to the Q African haplotype. The Pakistani B. oleae, although named B. oleae var. asiatica by Silvestri (1916) , does not share any haplotype with China. Although connected to the B. oleae haplotype network, the Pakistani group is differentiated from the typical B. oleae form from which it separated 0.83 Mya (Nardi et al. 2010) .
Due to the limited numbers of flies available for the crosses, it is difficult to draw firm conclusions about the vigor and compatibility of the crosses. The lack of any F1 progeny from the Chinese female crosses suggests the possibility of reduced population compatibility, but this could have been due to other factors, including the low emergence rate of the Chinese puparia received in our laboratory. Likewise, the imperfect seasonal synchronization between the two populations, behavioral preferences for different host origins (wild O. e. cuspidata vs. cultivated olive varieties) or stresses of shipping may have influenced their mating behavior or assessment of fruit suitability offered in the experiment. Nevertheless, our success in obtaining small numbers of F1 and backcross progeny provides support for considering the Chinese population to be B. oleae, and, though limited to a small number of individuals, it provides further evidence for the existence of isolated, divergent populations over a broad geographic range.
The discovery of presumed B. oleae populations in China is congruent with the historical biogeography of the Dacini developed by Drew (2004) and recently revisited by Krosch et al. (2012) . Gouliemos et al. (2003) , based on the alcohol dehydrogenase (ADH) polymorphism, had suggested that B. oleae originated on the Indian subcontinent. An African origin of modern B. oleae was proposed by Nardi et al. (2005 Nardi et al. ( , 2010 and supported by the taxonomy of White and Elson-Harris (1992) and Copeland et al. (2004) .
Our results show that B. oleae, as it is defined from a morphological standpoint, is present in southwestern China. This is important for biological control of B. oleae, as it increases the range of exploration for candidate natural enemies. Two parasitoid species were found attacking olive fruit fly in our surveys in central and southern Asia. Diachasmimorpha longicaudata is considered native to a number of countries in Southeast Asia and reported to attack a wide range of tephritids Gilstrap 1983, Kitthawee and Dujardin 2009) ; it, or a close relative, was collected in China, and P. ponerophaga was found to be widely distributed in Pakistan. Although the extensive host range of D. longicaudata indicates a French Â French fly crosses are shown as a control comparison. No Chinese fly control crosses were done due to shortage of flies. lack of specificity for the olive fruit fly, tests conducted by K. M. D. (unpublished data) found limitations to its choice of hosts. Under no-choice experimental conditions, it reproduced on only two of five nontarget tephritids and readily reproduces on olive fruit fly (Sime et al. 2006) . Interestingly, work by Kitthawee and Dujardin (2009) strongly suggests that within Thailand alone, D. longicaudata is a species complex. Two of three cryptic species identified by these authors had distinct host developmental and fruit preferences. A Southeast Asian population was used in host range evaluation of B. oleae by Sime et al. (2006) , but the exact geographical origin is unknown. It is conceivable that the population of D. sp. 'near' longicaudata we obtained from China has host specificity different than the population tested by Sime et al. (2006) and would be worthy of further evaluation. Future foreign exploration could thus focus on the southwestern Himalayan region into China. Meanwhile, it is hoped that the host range testing of P. ponerophaga in California will lead to its release for the classical biological control of B. oleae in California.
